The present study focuses on the sensitivity among freshwater invertebrate species to acidic 13 stress. Three common macroinvertebrate species in the Vosges Mountains (North-Estern 14 
One of the most striking consequences of freshwater acidification is the loss of biodiversity 48 (Muniz, 1991 ). An ion-regulation failure leading to a severe deficiency of extracellular ions 49 (i.e. Na + and Cl -) has been recognised to be the major response in fish to acid stress (Neville, 50 1989, Wood, 1989 , Masson et al., 2002 Pynnönen, 1990 Pynnönen, , 1991 . 54 Surprisingly, and despite the numerous papers reporting detrimental effects of acidification on 55 macroinvertebrate communities, few realistic studies have been performed to assess the 56 ecophysiology of smaller acid-sensitive species and finally, relatively little is known about 57 their physiological responses to short-term acid stress. In previous studies (Felten & Guérold, 58 2001, 2004), we showed that Gammarus fossarum (Crustacea: Amphipoda), a common acid-59 sensitive species in west Palearctica, also sustained a severe depletion of haemolymph Na + 60 and Cl -ions when exposed to acidic conditions. Conjointly, we determined relationship 61 between acidification level and haemolymph ion losses (Felten & Guérold, 2004) . 62
In order to better understand the ecology of ecosystems recovering from acidification and 63 because episodic acid-stresses generated by heavy rainfall and snowmelt continue to affect 64 streams, the purpose of the present study was to investigate and to compare in situ the 65 physiological responses and survival rates of three common acid-sensitive species to realistic 66 episodic acid stress. 67
68

MATERIALS AND METHODS 69
Study sites. The study was performed in the Vosges Mountains (North-Eastern France). Two 70 headwater streams located in the same area were selected because they presented very similar 71 morphological characteristics ( The same trend was observed for haemolymph [Na + ] (Fig. 1b) . In the acidic stream, the 148 significant loss of haemolymph Na + ranged from 48.5% after 72 h of exposure (mean 149 haemolymph Na + = 38.5 ± 6.1 mmol.L -1 ) to 57.4% after 120 h of exposure (mean 150 haemolymph Na + = 31.1 ± 3.5 mmol.L -1 ) compared with the control (mean haemolymph Na = 77.5 ± 15.5 mmol.L -1 ). 152
For each exposure time, the survival rate in G. fossarum transferred to the circumneutral 153 stream (La Maix) remained very high and above 96%. On the contrary, the survival rate in 154 organisms exposed to acidic water significantly decreased from 79.9 ± 10.8% after 24h of 155 exposure to 20.5 ± 6.2 % after 120h of exposure (Fig. 1c) . 156
157
Hydropsyche pellucidula 158
As observed for G. fossarum, the factors "exposure time" and "stream" (acidification level) 159 exerted a significant effect on haemolymph parameters ( (Fig. 2a) . 169 A similar trend was observed for haemolymph [Na + ]. In the acidic stream, the significant loss 170 of haemolymph Na + ranged from 12.1% after 24 h of exposure (mean haemolymph Na + = 171 120.7 ± 5.3 mmol.L -1 ) to 20.8% after 120 h of exposure (mean haemolymph Na + = 100.5 ± 172 9.2 mmol.L -1 ) compared with the control (mean haemolymph Na + = 132.2 ± 8.8 mmol.L -1 ) 173 (Fig. 2b) . 174 circumneutral stream remained very high and above 94%. In contrast, survival decreased 176 significantly in organisms exposed to the acidic stream, where the survival rate ranged from 177 72.2 ± 9.6% after 24h of exposure to 58.3 ± 14.4 % after 120h (Fig. 2c) . 178
Dinocras cephalotes 180
The exposure time had a significant effect on haemolymph [ ] on the onset of the exposure 183 were 126.6 ± 12.6 and 133.0 ± 6.8 mmol.L -1 (mean ± SD), respectively, in control organisms 184 collected in the neutral stream (Fig. 3a&b) Under the experimental conditions of this study, D. cephalotes was the least acid-sensitive 204 species, since it presented the lowest ion losses and mortality rate. Plectrocnemia, Rhyacophyla and Limnephilidae (Sutcliffe & Carrick, 1973 , Ziemann, 1975 , 224 Fjellheim, 1984 , Simpson et al., 1985 . Although Perlidae (e.g., Dinocras cephalotes) and, to 226 a lesser extent, Perlodidiae are recognized as being acid-sensitive, the majority of Plecoptera 227 (especially Nemouridae and Leuctridae) are acid-tolerant and can be very abundant in acid 228 streams (Sutcliffe & Carrick, 1973 , Raddum & Fjellheim, 1984 , Tixier & Guérold, 2005 . 229
The toxicity of acid water seems to be the principal hypothesis (often referred to as the 230 ecotoxicological hypothesis) explaining the loss of species. In the present study we showed 231 that a short-term exposure of G. (Needham, 1990) or from 250 whole body analyses (Hermann, 1987, Rowe et al. 1988 , Havens, 1992 . 251
Because of the protocol and the realistic in situ conditions of exposure, our results study 252 provides more rigorous results and consolidates the experimental studies previously 253 mentioned (see above). There is no doubt that significant ion loss and mortality in acid 254 sensitive species can be induced by short exposures to acidic stresses. This is particularly 255 pertinent to running water ecosystems experiencing acute acid stresses that are, for most of 256 the time, within the pH range that could sustain such taxa. For example, in the Vosges 257
Mountains, several circumneutral streams draining sandstone are subjected to rare acid 258 stresses. These streams exhibit communities of invertebrates that are rather typical of 259 moderately acidified streams despite their average chemical characteristics. 
